Introduction Surgical treatment is the treatment of choice in patients with symptoms and radiological signs of femoroacetabular impingement. Objective Our experience and early results of surgical treatment of patients with signs of femoroacetabular impingement and early hip osteoarthritis are reported. Methods The results of treatment of 21 patients aged 23-54 years with different types of femoroacetabular impingement are presented. Safe open surgical dislocation of the hip was performed in all patients. Before and after surgery, the WOMAC score was performed, clinical and radiographic data of the operated hips were evaluated and t-tests were used for statistical analyzes of data. Results The WOMAC score improved from 70.5 points ( range 56.3 to 89.8 points) to 90.3 points (range 70.3 to 100 points) at one year of follow-up (p<0.0001), anterior impingement test was negative in all operated cases, average hip internal rotation improved significantly, no complications were found, except trochanteric nonunion at the site of osteotomy, which was reaffixed. Conclusion Postoperative results have shown that the surgical approach to treating patients with femoroacetabular impingement is the method of choice. Three operated patients, with advanced osteoarthritis of the hip, had to be converted to total hip replacement.
INTRODUCTION
Femoroacetabular impingement (FAI) is a pathophysiological entity developed as a result of abnormal bone morphology of the acetabulum and femoral head, which causes groin pain in young adults and leads to early hip osteoarthritis [1] [2] [3] [4] [5] [6] [7] .
Minimal and abnormal bone changes of the proximal femur and /or acetabulum are the primary pathologic substrate of FAI. None-spherical femoral head-neck junction, abnormal bone changes that produce cam-type FAI, are described as a pistol grip [8] or tilt deformity [1] . The non-spherical, anterosuperior femoral head-neck junction underlines the acetabular labrum, pressuring and squeezing the cartilage adjacent to the acetabular labrum, leaving the acetabular labrum itself initially intact and causing the separation of the articular cartilage from the labrum and subchondral bone, which, in advanced cases, represents early degenerative changes of the hip [4, 9, 10] . Extensive significant articular cartilage damage occurs first, while the labrum lesions are secondary, which is why pain occurs later. Therefore, the camtype FAI is considered as a malignant form of impingement.
Excessive localized or generalized femoral head over coverage in acetabular retroversion [11] , in coxa profunda protrusio acetabuli [12] and less frequently a malrotated acetabular bone fragment in periacetabular osteotomy [9, 13] , are acetabular abnormal bone changes which produce the pincer-type FAI. The former femoral head over coverage in the pincer-type FAI acts as a barrier to internal rotation and flexion of the hip impinging the anterosuperior aspect of the femoral neck to the anterior margin of the acetabular edge damaging the acetabular labrum along with a narrow strip of the adjacent acetabular cartilage and creating a hinge mechanism in which the femoral head is being lifted from the acetabulum, and impacts the posteroinferior acetabular cartilage, creating, the so called counter-coup acetabular cartilage damage [14] . Acetabular cartilage damage is circular, located close to its edge, in the form of narrow bands adjacent to the damaged acetabular labrum. These changes are in the form of degeneration, thinning, rupture or even the lack of labrum in the zone of maximum impact. Often, the labrum is ossified, thus further deepening the already deep acetabulum, further reducing the distance between the acetabular edge and femoral neck and thereby exacerbating the impingement mechanism. In the pincer-type FAI, acetabular labrum lesion is dominant, which produces earlier pain in patients with this form of FAI.
OBJECTIVE
The aim of this study was to present our experience in surgical treatment of patients with femoroacetabular impingement and early clinical and radiological results of surgical treatment in this group of patients.
METHODS
Open surgical dislocation of the hip, as the method of choice, were conducted by senior authors in 21 patients with FAI between 2008 and 2011 at our hospital. There were 16 females (77%) and 5 males (23%) with an average age of 38.7 years (range 23 to 54). Eight patients (38%) had the cam-type FAI, one patient (4.7%) had the pincer-type FAI and twelve patients (57.3%) had a mixed form of FAI. The right side was involved in 11 (53%) and the left side in 10 patients (47%).
Clinical method
The dominant symptom of all operated FAI patients were anterior groin pain during flexion activities such as sitting and squatting and positive impingement test in all patients [4] . Clinical results were graded with the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [6] , which was measured preoperatively and one year postoperatively.
Radiographic method
The radiographic assessment was based on the pre-and postoperative measurements of the following parameters on the antero-pesterior and lateral radiograms of the hips: Tönnis angle [15] , center-edge angle of Wiberg [16] , the presence of acetabular retroversion (cross-over sign [17] and the posterior wall sign [11] ), femoral neck-shaft angle [18] , anterior femoral head-neck offset [19] and the ala-angle by Nötzli [12] . Hip arthritis degree was graded according to the Tönnis criteria [19] .
Operative method
The indications for the surgical treatment of FAI were as follows: more than one year duration of symptoms, 2-3 months without response to conservative treatments, positive impingement test and radiographic signs of FAI during the examination. Lateral incision and greater trochanteric flip osteotomy were used to dislocate and debride the hip [20, 21] . In 21 hips, anterior "Z" capsulotomy, surgical dislocation of the hip, and debridement of the hip pathology were done.
The integrity of the acetabular labrum lesion was assessed and classified as a labral tear, degeneration, detachment, calcification or labral absence. The size, character, and location of the acetabular cartilage damage were graded according to the Outerbridge grading system of hondral lesions [22] . Labral and acetabular cartilage lesions were described using the clock classification system [7, 23] . Damages of the acetabular labrum were located in the anterosuperior acetabular quadrant (12 to 18 o' clock). Labral lesions were resected or reaffixed (Figures 1 and  2 ) depending on labral integrity [24, 25] . In 20 of 21 hips, femoral head-neck junction osteochondroplasty was performed to improve femoral head-neck offset. A total amount of bone resection did not exceed 30% of femoral neck thickness (Figure 3 ) to minimize the risk of femoral neck fracture, so if the diameter of a femoral headneck junction was 50 mm intraoperatively, a 15 mm deep osteochondroplasty (30% resection) in the anterolateral quadrant was the very highest limit of resection [24] [25] [26] [27] . A relative femoral neck lengthening was performed by moving the greater trochanter more distally at the time of reattachment and then debriding the residual bone from the medial aspect of the remaining greater trochanter and from the base of the femoral neck. The greater trochanter was reaffixed with two cortical screws.
Estimated blood loss was on the average 370 ml (range 120 to 1200 ml). The patients were hospitalized for an average of four days. Anticoagulation included the administration of low molecular heparin during hospital stay and then salicylates for six weeks after hospital discharge. A partial weight-bearing with two crutches was encouraged for six weeks, and then full weight-bearing was allowed with one crutch or a cane.
Statistical method
Strength of statistical tests was set at 80% with a possible beta error of 0.20, and the level of significance of the test with a margin of error in the conclusion of less than 5% so that the null hypothesis was rejected if p<0.05. Normality of distribution of the parametric data was checked using the Kolmogorov-Smirnof test. A paired two-way t-test was used to test the significance in difference of arithmetic means. All obtained data were analyzed using a computer program for statistical data analysis (SPSS 8 for Windows).
RESULTS
The anterior impingement test was negative in all remaining operated cases at the last follow-up. The average hip internal rotation improved from the preoperative value of 13.5° (range 0° to 25 °) to 31.5° (range 20° to 45°) at one year of follow-up (p<0.0001).
WOMAC score average improved from the preoperative value mean 70.5 points (range 56.3 to 89.8 points) to 90.3 points (range 70.3 to 100 points) at one year of follow-up (p<0.0001). Three (14%) of twenty-one hips, all in female patients, were considered far because of pain/or progressive hip arthritis. These hips were converted to a total hip arthroplasty three years after open hip dislocation surgery. At the time of the arthrotomy, all three hips were found to have severe delamination of the acetabular articular cartilage (Outerbridge grade IV).
Preoperative radiographic results showed a mean of 8.2° (range 6° to 17°) of Tönnis angle (normal value <15°), which was higher than 15° in two cases. The mean center-edge angle of Wiberg (normal value >20°), a helpful measure of femoral head over coverage, was 36, 2° (range 26° to 50°). The cross-over and posterior wall signs were observed in five cases. The mean femur neck-shaft angle (normal range 120° to 140°) was 132.1° (range 118° to 142°), in one case it was less than 120°, and in another one it was over 140°. The anterior head neck offset (normal range 8.2 mm), was 10.2 mm (range 6.5-18.1 mm) on the average and less than 8 mm in three cases. The mean of alfa angle of Nötzli was 64.8° (range 54° to 92 °) on the anteroposterior view, and 54.6° (range 50° to 64°) on the lateral view (normal value <55° on the anteroposterior and 45° on the lateral view).
Preoperatively, 19 acetabular margins were retroverted. Os acetabuli [28, 29] was seen on the radiographs of two hips. Postoperatively, the anterior head-neck offset was 12.4 mm (range 8.2 to 18.1 mm). The mean of alpha angle of Nötzli on the anteroposterior radiograms was 45.2° (range 40° to 51°) and on Dunn 90 views it was 35.7° (range 34° to 44°).
Tönnis osteoarthritis grade index was 0 in six hips, grade 1 in ten hips, grade 2 in two hips, and grade 3 in three hips. The osteoarthritis grade did not progress in thirteen of the twenty-one hips. There was one Tönnis grade of progression in eight hips.
Intraoperatively, of 21 hips 18 (86%) had an abnormal labrum: 9 labrums were detached, 3 were torn, one degenerated and 5 labrums were calcified. Twelve of these labrum damages were reaffixed with anchor suture, and six labrums were partially resected with an antero-superior acetabular margin resection osteoplasty. In five cases of anterior femoral head over coverage, anterior acetabulum edge osteotomy was done after acetabular labrum mobilization and then the labrum was reattached with one to three anchor sutures.
Specific treatment of damaged acetabular articular cartilage varied over the course of the study period. From seven hips with Outerbidge grade III or IV cartilage delamination, six underwent resection of the delaminated articular cartilage and either micro fracture of the acetabular subchondral bone (one hip) or without specific osseous treatment (other hips). Acetabular labrum or underlying articular cartilage damage was located in the anterosuperior acetabular quadrant in the area of the femoral headneck junction abutment against the acetabulum, on the articular side.
There were no complications, such as femoral head vascular necrosis or early and late infection developed at the last follow-up. However, there were two cases of trochanteric site osteotomy nonunion, which were reaffixed.
DISCUSSION
Femoroacetabular impingement has been proposed as the major etiological factor in the development of hip osteoarthritis [1-8, 29, 30] . Treatment of FAI is focused on the relief of femoroacetabular abutment and repair or debridement of damaged chondro-labral tissue.
The femoral head-neck junction abnormality has been noted to by the predictor of the cam and mixed type FAI [14] . The non-spherical femoral head, as seen on the antero-posterior and lateral hips radiograms, has been described as a pistol-grip deformity and correlated, over the years, with idiopathic osteoarthritis [10, 28, 31] . The subclinical slipped capital femoral epiphysis has been suggested as a possible cause of this deformity and thus of secondary osteoarthritis [1, 31, 32] .
The surgical treatment of cam-type FAI is directed at restoring femoral head-neck offset by debriding osteochondral prominence at the femoral head-neck junction and debriding or attempting to repair an acetabular labrum damage and acetabular articular cartilage delamination. The acetabular or pincer-type of impingement with an anterior acetabular edge pathology is treated by labrum resection and/or refixation simultaneously with femoral head-neck junction trimming.
The technique of safe surgical dislocation developed by Ganz et al. [20] preserves femoral head blood supply and allows a direct visualization of 360° circumference of acetabular pathology. Our results confirm that surgical dislocation of the femoral head is a safe technique that does not appear to jeopardize the vascularity of the femoral head, as postoperatively we did not observe any cases of femoral head avascular necrosis. The optimum treatment of severe acetabular chondral injury (Outerbidge grade III or IV) is unknown. We performed excision of delaminated articular cartilage with an underlying bone, followed by labral advancement to the newly created anterior aspect of the acetabular rim. The improvement of clinical signs and function after open FAI treatment has been documented by other authors; Beck et al. [11] reported that 14 men and five women with a mean age of 36 years (range 21-52 years) were treated with a surgical dislocation and offset creation of the hip. The follow-up averaged 4.7 years (range 4-5.2 years). Using the Merle d' Aubigne hip score, 13 hips were rated excellent to good, with the pain score improving from 2.9 points to 5.1 points at the latest follow-up. There was no avascular necrosis of the femoral head. Five of the 19 patients, two with grade 2 osteoarthrosis, two with grade 1 osteoarthrosis but with severe acetabular cartilage damage, and one with untreated ossified labrum underwent a subsequent total hip arthroplasty (THA). Peters et al. [29] pointed out that the average Harris hip score improved from a preoperative value of 70 points (range 20-81 points) to 88 points (range 49-100 points ) at one year (p<0.0001). Four (13%) of 30 hips, all in female patients, were considered failures because of pain and/or progressive arthrosis. Three of these hips were converted to a total hip arthroplasty because of clinical failure. At the time of arthrotomy, all three were found to have severe delamination of the acetabular articular cartilage (Outerbridge grade IV). The fourth hip with a failure had radiographic signs of progressive arthrosis. Espinosa et al. [24] concluded that at one year postoperatively, there was a significant improvement in clinical scores mainly pain, in the group of labral resection and labral refixation 80% of the hips had an excellent result, 14% had a good result, and 6% had a moderate result. But there were no published reports of using the WOMAC score in evaluating pre-and postoperative clinical results in the operated FAI group of patients. In our report, of 21 patients treated with surgical dislocation of the hip, we noted improvement in the WOMAC score from 70.5 to 90.3 points (p<0.0001), and internal rotation from 13.5° to 41.5° (p<0.0001) at one year follow-up.
Peters et al. [29] reported their results; four of the 30 hips (13%) required a total hip arthroplasty. Our results confirmed their results; three of 21 hips (11.5%) were converted to a total hip arthroplasty three years after open hip surgery. In our group trochanteric site osteotomy nonunion occurred as a complication in two cases (9%).
CONCLUSION
In summary, open surgical treatment, as a method of choice, for all type of FAI in young adult hips without substantial femoral head neck osteochondral prominence and acetabular labrum and hyaline cartilage damage, experienced reduced pain and improved function of the hips with a low complication rate. In the cases of advanced osteoarthritis, open treatment of femoroacetabular impingement was certainly not warranted.
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